


The HcvrJraulic model studies covered b~ this re- 
pnrr arc a con:inusr~anr of the studies repar*,ed inr Mycfcituiic 
lL,aboratoq Report Xo- Z;4-275, M w c h  22, 1950. The 
studies were casried on ir, the Klydrrrulic hboratoxy. Of- 
fice of the hisslstant Commissioner and Chief Engineer, 
Bureau of Weclamattcm, during 1950, 

The Republtc Diversion Dam is a part of the Bsst- 
wlck Division, K m s a s  Hiver District. hfisisowi R l v w  'Ekr- 
s i n  Project, As shown in Figuse I ,  the pboposed darn site 
is con the. Republtcan River near she town of F d y ,  Iri'ebraska. 

The designs and studies w e r e  made in cooperation 
wrth the Diversion Dams Section. Canals Branch. 

The studies weye made by M e s s r s .  6, S, Mmson, 
t. B. Qtlello, J, J, Hillner. and L. S. Keyser under the 
supcr \*~s i sn  of Mr. E. J. Carlsoa Mr. E, W, m e ,  Con- 
stilting H_c.drauPic Engineer, provided advice$ throughout the 
testing program, 
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Subject: ffydmulic model studies of Republic Diversion Dam, head- 
works nnd sluiceway stscnczurrrs--]Progress Report NQ. 2 on 
gcrneral studies of headworks and sluiceway structures 

The Hydraulic model studies of the Republic Diversion X)anm 
and appurtenant works e r e  a sonainu;ation of the program undertaken 
to improve i R e  design of c d  headworks and s luiceways in conorec- 
tion with the eonrroP of sedimentation in canals, Previous work 
covered by Hydraulic Ldsoratery Report No. H,yd-275 "l3ydsadic 
model studies of Superior-Corurthd Diversion Dam, 'HelO%fworkS; and 
Sluicetwpy Structures--Progress Report No. I on General Studies of 
Meadworks and Sluiceway Structures. " 

Comparisons of the various d e s m  were made by using tht 
ratios of sediment concentration in the ~ P u i c e w q  to sedimem coxaceno 
r r a t i ~ n  in the hcod*rorks, CS/Ch. for each design. A l l  concentrotdons 
are expressed in terms of oarts of sand per mWmn pasts of water by 
weighs. 

The various designs tested are  shown in Figure 8. lgEe prr- 
Lirninabgr design gave a Cs/ch of 1-26  with a proto?ypc discharge of 
120 cfs in the headworks and 60 cfs in the auicewoy. Severaf arrsrngc- 
ments w e n  tested in =Rich two curved guide walls confined the flow 
in a c h a w I  as it approached the heedworks and sluictway. Both a 
20-fmt and a 10-foot chamel we= tested. These srr%ngements rrm 
shawn in Figure  8 a s  Cbngies 2. 3, a d  4, The co~~~cntsetion h ~ t f s d  
Cs/Ch for these thme changes w e r r  1-r then ttuce eoz~centmtion ratio 
for the pxv?liiminsrp design. Camparrd to the averapte velocities ohr 
t a i d  in the Courtfad headworks model study*, the average velocities 

wyanulrc &abomfo~ rkport ~3rd-275. Bydrawlit Modc'l Stdies 
of ~u~rio&~ourtland Diversion Darn, tteadncopks, and Sluiceway st-- 
tu~~s--Prqgress Report No. 1 an General Studies of Hcadwo&s ruod 
Sluiceway Structures. 



was approxirna:cJg one-third for slmllar arrqcrncnts. 

Change 5, Figarc 8,  sftows the ray-uul of ;he Republrr head- 
works madel with a f 2- inch by 15-inch elliptical vortex :ube ~ n s r d l c d  
upstrcm of the headworks gate. The design recommepcdsd for Re- 
public Dtvcrsnan m:n vaeifizes ?he vorscsx tube with an aczuating rme 
over i t .  Fqprt  12 shows tht* recommeDlcied design for the Itepublic 
headworks and slurctwag based on tests made, 

The iiard_v Cat'iaf headworks, an the opposlle side of the dam 
from 'tXepubl1c headworks, is similar in entrance condit:ons, cxccpt *he 
dischargr :s Irss. The results of rhe tests madc for Rrpublic hcad- 
works  and siuist+uva_v were used in dr:ermining chtr design recornmended 
lor Nard- headworks m d  slurccw-ay. The rceornmct~ded des igu  for 
H~tr?+; hcadv.*orks and s i u a c e * ~ - t t ~  is shown tn E i g s r ~  53, 

The study t7 f  the pmbPepr, of con~rul rrnd removal of coarse 
sedxrnent carried anto cam& hy wa:tr  dzverted from head13 shdimcnt- 
laden streams rs a ~iir i i i r ta tng project ollndcs gene& sedtntcnta~rtzn an- 
vcstigatiorns. The f i r s t  work %-as done ueing the Superlor-Csurtbd 
Diversion Dam as the resx structure, mot Superior-Comrr;bnck tests 
weore completed in June 1949, and results were cnvered by Hydraulic 
Laboratory Report So. El@-275. The Republic Diversion Dam, a part 
of the Bostwick Division, Kansas River  District, hlksaurb River Basire 
Projet:, %.as investtgatcd next,. TRc pmpsed d m  site, as s h ~ w n  in 
Frgtrre I ,  is near tfardy, Xebraska, an the Republican River. A vi- 
cinity map is shawr: in Figure 2. 

The Republic Diversion Dan, as shorn tn F;gure 3, was sin- 
a l m r  In plan to the Supertor-CwralaMf Dit*ersisr, Qam wi:h only mknrrr 
differcnccs in the overflo%- weir, headworks, rand some differences in 
the upstrcarn condi2isns;. The SupcriorCout-tPand model was modified, 
m d  a 1:l5 undistorted model incorporating one-haif of the Hepublic 
d;vcrsisri wctr  and the Republic headworks and sirricewn? u.as built into 
:he testing box. 

Fus:hur studies of a general nature arc being made 0,- this 
problem as txme permits. 

DESCHLBTIOS OF MODEL 

L'pn r.ousp1ction of :he Superror-Courtland tests the cxnsatlyl! 
mode! was modified to represent the Republic Diverslion Pam and 1RQ- 
public Canal headworks, A new hfrcadwcarks s:ructure was installed and 
some changes \were made in thc gpstx-e- Liy-out. 'me overflow weir 
and s luicrwra~ were !eft uncbangd. w:th ttrc except ion of rehxa'ting the 
S ~ S L C C ~ ~ ~  gate. Figurc 4 shows  :he genera8 lay-errs of the mad& 



ously used in other sediment studies, It wms obtained from a - h s d y  
cemented sandstone which had been broken do- in s hammer xai& 
producing a sand 1~1th a median diameter of 0.2 mm with 90 percent 
between the 40- a d  1010-mesh United Stsrtes Standard Sieves (0.42 nmx 
to 0-15 nnm). Figure S shows ~ o t o r n i c r o ~  of the model %tmd auEd 
wasbed Republican River sad, Size cornprison carm be made from tbc 
1 mrn rectqphr grid shown an She photographs, 

Water  tlrnas supplied to the nnodef by a portable pump motmted 
over the supply channel Fhw into the model was measured with a ven- 
tusi orifice meter a d  controlled by means d a valve, Division of n D t w  
through the sluiceway ad hewiworlrs was controllcc8 by gate settings, 
arrd a V-xmtch weir was  placed ~EI the end of the return channel Prom the 
headworks to measure the amount of water diverted through the head- 
works. 

Two vibrating pan feeders were mounted over the head end of 
the model. They were  set to give a unlfoaxc: sand feed at the m e  re- 
quired by the model study, These feeders were hopper fed and son- 
rroUed by meas af thc9s9ats. Figure ?A shows the saml-feder ar- 
qemCTl t .  

pr- 
Samples of the sad-water mixture flowing PiRrough the sluice- 

way and headworks were tafrm at intervals by-passing a coUecting 
trough through the name, Figure 6A. The samples were e2)Uecied in 
ranks, Figure BB. calibrated to read the amount of stater in Liters. 
Zhe s a d  settled into @ass bumrc?lu mounted 8t the bottom af the tanks. 
The dunozePs wexe graduated to give grams of dry sad, depositeel 
under water, so the amount sf s a d  c o a  be mad directly and the 
cc~luentrrstiori computed without further comersfon of tbt data. 'Ihc 
upstream p o r ~ l  water rurbrrce, mad on 8 s t d f  gage, was maimrafn+d 
st the normal water surface elevation 1522.57 for all tests. 

Experience with earlier studies of a simitPt nature indicated 
that the most satisfactory methob al -rating a movable bed model 
was to choose a fixed discharge for all mns, thus rcrducdPlg the number 
of variables to be considered, To maintain custp.rabJe flow conditions 
to Sbase used on the S u p e r i o r C o m ~  taste, n talralt &Lschqgt of 180 - cfs, divided with l2Q d s  through the headworks and 60 cis tbwgb tboz 
sl~iccewqgr, was elms= and all runs were made at these settings. 

Results of sediment investigations int the Kansas River lBaeirm, 
Xmewber I, 1942, to SeptclrraMr 30, 1945, by the Corps of I E a 6 f k r e m p s ,  
Depastmear of the Ax-my, showed the Republican River near 1 B S L o o ~ -  
t ~ n ,  Nebraska, carried A bed b a d  M approxirnotcly 0,165 percent by 
weight of the water  discbarge, At the sm- discharge in the model 
*&A required a m e  of sand feed af I, 28 poursds per minute, Some M- 
tfc&y was encountered adjusting the Ceders to this Irrw w e  but by 



careful control tints rote %*as obtained w:ttzrr, scasonabfe Inmits. I?? 
utilizing the vibrating fccders a fasr-I? untforn, can:nntaous addttzon 
of sand was obtained. In n prct-ious model stud? cyclic fPurtuation 
of conccnrra'oions >-as encountered at the headworks ansf slrricea81)i., 
due io the Sand bang  led at. nnten.&. 

All test runs were madc at the standard ~-atc.r rPsuP sand dh- 
charges with, samples ?It both the headworks Elnd sfrziccrwa;~. d i scharg~s  
taken at regular ~nte~-r.&. 'Fhc runs were  conthu~xi until aU concen- 
trations, as sRUwn by :he samples, bccamc reasorx&Iy eo.uZnnt, thus 
mdicaz*hg twx c'quWrium ~ o ~ d l t l 0 1 ~  in the madel, The eqatlfbriam con- 
dition %-as checked b:: p1ar::ng conccntratiorxs in ppm warns: tine, A 
minimum run at 34 hours, and fr: a few cases over 100 hours, was 
found necessary to obtain sa:isfactcr~ averages, 

The initis: l v z i  was made with :he Exeaduwa&.a and slufccway 
arranged accozdilurg to ;he p r r r i f r n i n o ~  design as silawr, on Drawing Xo. 
27 2-D-245, Figure 3. During thc f i r s t  smcrd houm uf the mr, the 
bed buiit up until it had establish& a s L ~ e  a d  depth of flow, normal 
for the water and saad disclhrrrgcs. As it appmached &:s condition, 
the f low was unstable with conrtnudy changing charnels throughout 
the bed area which resulted in a variaazon in concentrations i n  the 
samples collected, A tat& m n  of EQ9 hours was sufficient to obtain 
an average concenrsation ra:io. This ratio, C,;C for the prelim- 
i n a p  design was 1.26. Figure 7 8  shows the bed $ the end af this 
mr3. 

ljpstream Guide WaLP 

A guide wslM 37.5 feet, long, extendmg from the upstream 
edge of the headworks to a point 24 f e d  U ~ ~ F C ~ U S I  from the ~s~et'f low 
we ir ,  Change So. 1 ,  Figure 8,  was mstzdl~xi in the model. The guide 

directed the water aemss the sdu~ccway c n s m c e  as the water ap- 
proached the headworks. f o r  this arrangement there was consider- 
able turbulence around the end of tfic guide w a l l  and the pier, result- 
a q  in much of the sediment being entrained into suspension. Although 
a slightly hlghes cancentmtion ratio was achieved it appeared that the 
turbdenec a d  change of direction QE the water approachurg: the bead- 
works  and s lu iceway  was saa gnat. The awe mge concentration ratio 
for the zest of Change I, after 39 hours of operation, was Cs/Ch = 2.63. 
Qbsenvationa indicated that much mom bed sediment was *mwn into 
sttspensior. for this set-up than for the other arrangements tested. 
Figure 8 shows o general snd close-up view of the bed after comple- 
tion d the t es t .  



Several tests were made in which curved guide 
to the headworks and sluiceway were installed. curved @tide 
were used to take advantage af the mural tendency far rno~rakdc bed 
sediment to go ts the h i d e  (convex side) of an open channel curve. 
lt was found thxllt for the RcpMPic headvrorlrs set-up, the dbchnrgc 
4 consequently the velocity lower thrrn fn the Superior-Court- 
innd testa (Hyd-275). and tbe action for moving bed sedhent to the 
inside of the curve a d  toward &c sluiceway wss not so great, Zgrt 
curved charaeki tested are shorn Changes 2, 3, 4 4, P i p e  8. 
The greatest irnprwernent in which guide tsrplls for conttollirrg sedi- 
ment were used included a lthfroot sluice gate rncwed upstream 6 f-1 
10 incites from its position in the preiininary design* wdtb ttmt p i d t  
wcraPfs pamallel giving a channel 10 feet wide, The concentration ratio 
for this test was. Cs/Cp, = 1.55. MQV- the sluice gate upstream 
I o w e n d  the elevation e the sdhn",  just upsrxoara fmm the 
sluice gate and hmediateiy in ~YQR: of the headworks. Figure 10 
.shows typical bed condittcms at the ccmcltusion of the testa utilizing 
curved guide walls alone. 

Vortex Tube at 90' Angle with Readworks Channel 

With  the canted guide walls in place, the bedworks st rur  
ture was rebuilt to include a 12-inch by 35-inch elptpticd vortex t ub ,  
This tube was placed at SOD to the flow bxndbtcfy  upstream from 
the head gate and discharged through o 15-inch pipe which emptied 
into the sluiceway dowrstreaan from the sluice gate, Q-e No. 5, 
Figure 8, shows the laJrout of this design. 

Ttnc dirst run with this lay-out shoprred only a slight Lrrspmer 
m a t  wer the guide walls done. The tube would OCCQSLOIIO~IS+ f i l l  up 
over part of its length, and the amount of sand withdrawn was rather 
small. Ttre vel~cities existing t.!hl~)Pr8$ hedworks above the gate 
w e r e  too ~ Q W  to produce o strow wo*x in-&e tube, #US reducing its 
cffec t iveness. 

A horizanltral vane, tapered in profile, was then installed 
above the vertex tube to increase the velocity directly over the tultas, 
Figure 8. TBls qystctm sf fnc~easlng bhe Mid-y of a vortex tube 
was developed h ; larger scale sectional model in the ffytkau3LTc Lab 
oratory. Three p i t i o n s  of the vane, as shown in Figure 8, were 
tested with ?.hat shown as Position 1, 15 inches abme tbe fhar e i e  
vatisa, paving OQ be ?he most et'fectivc. %me of this series of runs 
were d e  with tlhe curred guide malls removed to sepasrnltt the irn- 
provement resulohg fmm the vortex tuba? fsam that due ta aht guide 
walk .  



pa.;s~ng &hroq& thc hcadworks u-as bcbg throwb inso suspcns.l.on by 
turbulence craratsd at the tleadwtrrorks siU, Ta reduce Lhe tsrltnulence 
a sloping face *as tzuiiill upstream fmm :he sU, E 5.- s.. c I LA shcrrs 
'ihe bed condizions in front st the hcadworks at the 6;;d of the ruw 
xk~tsh  included P e  slopmng lace is front of the headworks sLU, a 
vortex tube with actuating vane over it, but na guide walls, Although 
od:: a straight, sloping face, Change 6, Figure 8, upstream f r m  'the 
hcadworks  sill =-as tested in the rndcl, a rotrdd face, Figures 12 
m d  13, is recommended Bor :he pro~stjpe, The rounded face w i l l  
redstocc !he turbarlemce at the headworks entr;;nce, and reduce the 
'%xnocrnr of sediment t h r 0 w - n  into :;uspensisan, 

Yorttx Tube at 65O A w i e  Headworks  Channel 

From ?he resdbs of test.s made by o&er investigators*, it 
u.as knwm: that a vortex tube spcmted most efficiently at ax12 
with rhc line of flc~u. A new; tube w+as b a t  and Lnstagfed ab 6sU u*ith 
the line of flsrrr. Thb  the smallest angle practicable in the 
madel with the clearance a;*trilable in the prelhtnsrp. d e s i g a  

A test of 99 hours %*as made with thrs tube LastaUed with no 
baffle o r  guide w d s ,  This test gave a Csi-Ch ratio of 1.47. hdicat- 
m g  a definite ionproventent over &be operataon of the tube. With 
the addition of a hcrrizatd vane phc& 13 inches above the lip of &;he 

cube :he CsjCh ratio was increased to 2.37. The 9C@ :ube ~ d e r  the 
same conditions gave a cS[Ch ratio of 1.31. Figure 11& shows %he 
condirion of the bed at the conciusion of rhis pun. 

As s h a n  m Figure 8, the model :ests u*i& a vortex tube 
w e r e  made with the floor downstream from the toabe 41.17 f048 lower 
than the floor upstream from the tube. Other investigators had in- 
dicated this arrangement gave better action tn the v a d e ~  tube, hater 
experiments In a sectional model study Lz thc HydrrruXc Lahtet8pr;ilror). 
have shown the rr>rtex action to be just good with %he floor at the 
same l e v e l  upsiircs~~ll and Oon~~strcam from the rube as s h ~ m  in Fig- 
ures 12 anti 13. The level  floor gives  caster construction and better 
h y d r a a c  c o n d i t i u ~ ,  therefore it i s  recommended Isr  the p r w t a t j p ? .  

Based as~l the results of the model srudir@s, it is secoanseded 
* b t  a. vortex tube with an actuatLng vane built over it, as shoam m Fig- 
ure 12, be buiit into the Repttbtic headworks, It is r%c~mmcnded that 
the h.eadworks structure be lengthened enough thsb &he vortex tube and 
vane can be bufft at an angle of 60° urith the center b e  of the headworks. 

lem 
* * ph L. Parshall " M d c P  iirad Prototype S.:udies of Sand 

Traps, ASCE Transactions V o l u ~ e  1 17, pp 204-2 11, 



of &he rube. The uprst<eam face of the headurorks sill shouZd - 
be sloped as shown in Figure 12, 

m e  design recornnr:,-ied for the Hardy hetlPiworks and sluice- 
way IS similar to k b a  secom -nded for Republic headworks arpd sluice- 
way anid is sham in Flew 13, 

F G T U E  STUDLES EECOMMErWED 

t? the p s t  a wide variety of designs have been used for diver- 
slsn works, both in this countxy and &d, b b y  h v c  praven to be 
excellent designs and others have operated unsatisfactorily, Even ir, 
cases whcre the same genera4 design has been used, the operazing cb- 
f icr ency XIS varied greatly drre to different conditions at the diversion 
site. 

X program of testing and c\lrduating these de3igz.s slrouid be 
undertaken, Each dcsjgn should be imrestQated, axxi ctsndittons of db- 
charge, secfim.ect Load, river torn, etc, , shuuld be d e l e d c d  for 
Che ntost satisfactory operation of each type- Much work hPs already 
been done by ather imestigartors which wil l  be helpful in selecting rrnd 
eliminating designs ta f i t  Ehc specific cionditions, Scme further lab- 
orzntcrq work s ~ f i r  be aeces%;ugr to determine the fiiactors govt?m.int 
proper operatfor. of the various des-, 

OPERATPLiG SUGGESTHOGS FOR PROTOTYPE 

The Idlowiring operating suggestions, based on the hydraulic 
model studies, are rlrcomrne&ed *a a guide to operating p e ~ s o ~ e l  
in order to obtain the best results: fmm the operation ot the Rcpubqe 
k)iverrion as wel l  as other Wiversioas bbwm a sediment canPm1. stand- 
point. Actual obsen*ations urn Zhe completed prototype may indicate 
some modifications kn these procedures. To best determine these 
changes, records of the amount of sediment dcgoosited in the can&. 
sediment load fn the river upstream from *he diversion, and apex- 
at- procedure followe&%houlh be kept for the fimt s e v e d  y a m  
hhe project is in operation, 

Intermittent sluicing--periodically opening khe sluiceway gat 
full open--gives the mow favodtc sediment distribution Itg rbdkslted 
by prtgzrlorzs model studies. Whenever brigation and canal twdtkx~s 
permit, inactmittent type of s k i  cimg specation should bc used, When 
the sluice gate iss opened, the headworks gates s W  be Wed and 
the entire discharge of the river d o w e d  to fkw through the sluice 
gate untu the pool elevation has dropped to a minimlllfn, The slufchg 
period shoctrf be a8ter~l;ated bet*-em the Hardy and Republic headworks, 
with snlgr one sMe being sluiced at a ?.he so o snaxlnn*m dbchawge may 
be used far each sluicing operaation. The $IvJSion of sluicing water 



amowat of sdlmcat being dram &t. c&& and not on the Wis of 
quantity of water diverted, ~ h c  &v&io*: -.f flow w U  haue to be cam- 
fully watched during the recession of Woad 30- and the non-irrigation 
season in order to keep the c m t r l s  to each bedworks opeh 

hother factor g ~ w c d n g  the formation of the sediment de- 
posits behind the diversion w o r k  b the th-atcrsurfact elevation b the 
-1. The lower this elevation can be c m i d  the lower the s e d h e n k  
deposit near the headworks ;ind dtoiceway wiU. be. It would be desir-  
able to set the headworks surd sivire gates so as to maht;.Lin a p o l  elc- 
vation just sul~icienz to obtain the pwiper c a d  discharge. 

The quatity of water diverted shou3xi be hdd as l o w  as pssi- 
ble and still satisfy irrigation dcrnanclls, , surpbs  water diverted 
a d  returned to the river through wasteways lee& to aggravate the 
sediment problem by carrying additional sediment into the cam&, The 
majority of this sediment w i l l  be deposited urn the upper rezachcsl of the 
canal, and any sluicing action caused by flow through the wasteways 
will not offset this additional dcpositbu, 
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